A Gram-stain-positive, endospore-forming, rod-shaped, aerobic bacterium, designated LPB0068
The genus Paenibacillus was first proposed by Ash et al. [1] based on 16S rRNA analysis of group 3 bacilli, and later amended by Shida et al. [2] and Behrendt et al. [3] . The type species of this genus, which is included in the family Paenibacillaceae, is Paenibacillus polymyxa [4] . Members of this genus have been isolated from a variety of habitats, including Antarctic environments [5] , soil [6] , marine sediments [7] , rhizosphere [8] , milk [9] , blood cultures [10] , and human specimens [11] . At the time of writing, the genus comprises more than 190 species with validly published names (http://www.bacterio.net/index.html).
A Pacific oyster (Crassostrea gigas) was collected form Yeongheungdo Island, Korea (37 15¢ 16.1 † N; 126 29¢ 46.5 † E) and used as a source for the isolation of bacterial strains. A number of bacterial strains were isolated from the marine agar 2216 (BD Biosciences) inoculated with the ground oyster. The isolates were routinely cultured on marine agar and tryptic soy agar (TSA; BD Biosciences) and preserved as glycerol suspensions [20 % (w/v) glycerol in distilled water] at À80 C. Among the isolates, a bacterial strain designated LPB0068
T showed highest 16S rRNA gene sequence similarities to members of the genus Paenibacillus. No other isolates belonged to the genus Paenibacillus. Based on the sequence similarities, the type strains Paenibacillus macquariensis subsp. macquariensis DSM 2 T [12] , Paenibacillus macquariensis subsp. defensor JCM 14954
T [12] , Paenibacillus antarcticus CECT 5836 T [5] , and Paenibacillus glacialis DSM 22343 T [13] were selected as reference strains and examined for their genomic and phenotypic characteristics in comparison with those of the new isolate.
The 16S rRNA gene was amplified and sequenced as described previously [14] . The determined sequence was compared with 16S rRNA gene sequences of bacterial species with validly published names available in the EzBioCloud databases [15] . Multiple alignments of these sequences were then carried out using the EzEditor program [16] . Phylogenetic trees were constructed by maximum-likelihood [17] and neighbour-joining algorithms [18] according to the Jukes-Cantor model [19] using the program MEGA 6 [20] , with bootstrap values based on 1000 replications. In addition, a Bayesian tree was constructed in MrBayes 3.2 using the general time reversible model with gamma-distributed rate variation [21] . Strain LPB0068
T exhibited the highest 16S rRNA gene sequence similarity to P. macquariensis subsp. macquariensis DSM 2 T (98.1 %), followed by P. Genome Annotation Pipeline [22] was employed for annotation. From this, one complete and four non-contiguous genome sequences were obtained ( Table 1 ). The genome of strain LPB0068
T consists of a circular chromosome with a total length of 4 627 176 bp, and three circular plasmids of 21 419, 20 893, and 87 693 bp. The DNA G+C content is 40.0 mol%. Of the 4461 predicted genes, 4229 encode proteins and 121 encode RNAs (30 rRNAs and 91 tRNAs), and 10 copies of the rRNA operon are present. Intragenomic heterogeneity among the 10 copies of the 16S rRNA gene was observed. Copy number variation within the genome is between 0 and 0.32 %. LPB0068
T has the smallest genome and fewest protein-coding genes of the Paenibacillus strains investigated ( Table 1 ). The genomic relatedness of strain LPB0068
T to the four reference strains was estimated using BLAST-based average nucleotide identity and digital DNA-DNA hybridization, as previously described [14] . The average nucleotide identity (ANI) scores between strain LPB0068 T and the four reference strains were 76.7 % (P. macquariensis subsp. macquariensis, P. macquariensis subsp. defensor, and P. antarcticus) and 77.3 % (P. glacialis), and the digital DNA-DNA hybridization values were 21.5 % (P. macquariensis subsp. macquariensis, P. macquariensis subsp. defensor), 21.6 % (P. antarcticus), and 21.0 % (P. glacialis), all of which meet the criteria for bacterial species demarcation (Table S1 , available in the online version of this article) [23] [24] [25] [26] .
The minimal standards proposed by Logan et al. [27] for the description of new aerobic, endospore-forming bacterial taxa were taken into account for phenotypic characterization. The range of temperatures (4, 10, 15, 20, 25, 30, 35, 37 and 42 C) and NaCl concentrations [0-10 % (w/v) in 1 % increments] at which growth occurs were tested using TSA. The pH range (4-10, in 0.5 pH unit increments) for growth was determined with tryptic soy broth adjusted using the following buffering systems: 10 mM citrate buffer (pH 5.0), MES buffer (pH 5.5-6.5), HEPES buffer (pH 7.0-8.0), Tris buffer (pH 8.5-9.0), or NaHCO 3 /Na 2 CO 3 (pH 9.5-10.0). Growth under anaerobic conditions was determined after incubation for 2 weeks on TSA in an AnaeroPack (Mitsubishi Gas Chemical Co.). Cell morphology was investigated by transmission electron microscopy (model JEM-1010; JEOL) after growth on TSA at 25 C for 2 days. Colony morphology, size, and colour were examined using cultures grown aerobically on TSA for 3 days. Endospore formation was detected in TSA cultures after 3 days at 25 C, as described by Hayama et al. [28] , and observed by light microscopy (Axio Scope.A1; Zeiss). Gram reaction was tested using a Gram staining kit (Sigma) according to the manufacturer's instructions, and the non-staining KOH method [29] . Catalase activity was determined by bubble formation in a 3 % (v/v) hydrogen peroxide solution, and oxidase activity was ascertained based on the colour change of 1 % (w/v) tetramethyl-p-phenylenediamine (bioM erieux). Hydrolysis of adenine (0.5 %, w/v), alginate (0.5 %, w/v), agar (1.5 %, w/v), casein (10 %, w/v), carboxymethylcellulose (0.5 %, w/v), chitin (0.5 %, w/v), L-tyrosine (0.5 %, w/v), hypoxanthine (0.5 %, w/v), starch (0.2 %, w/v), xanthine (0.5 %, w/v), and Tween 20, 40, 60, and 80 (1 %, w/v) was tested using TSA as the basal medium. DNase activity was assayed with DNase test agar (BD Difco). The VogesProskauer reaction and H 2 S production were tested according to the methods of Smibert and Krieg [30] . The activities of other enzymes and utilisation of other carbon sources were determined using API 20E, API 20NE, API 50CH, and API ZYM kits (bioM erieux) following incubation at 25 C, according to the manufacturer's instructions. The results of morphological, growth, biochemical, and physiological tests are presented in the species description and Table 2 , Figs S1 and S2.
For fatty acid analysis, strain LPB0068
T and the four reference strains were grown on TSA for 3 days at 25 C. Data are from the present study unless otherwise indicated. Abbreviations: +, positive; À, negative; APL, aminophospholipid; DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PE, phosphatidylethanolamine; PL, phospholipid; GL, glycolipid; L, unidentified polar lipid. All strains were positive for catalase, esterase (C4), esterase lipase (C8), and naphthol-AS-BI-phosphohydrolase, and adenine and aesculin hydrolysis. All strains were negative for indole and H 2 S production, cystine arylamidase, a-chymotrypsin, a-fucosidase, lipase (C14), a-mannosidase, trypsin, and valine arylamidase activity, and arginine, alginate, gelatin, lysine, ornithine, tryptophan, L-tyrosine, Tween 80, xanthine, and hypoxanthine hydrolysis. All strains produced acid from amygdalin, cellobiose, D-glucose, maltose, ribose, salicin, and starch, and none produced acid from adonitol, D †Result differs from a previous report [12] . ‡Result differs from a previous report [13] .
Shin
Extraction of fatty acid methyl esters and their separation by gas chromatography were performed using the MIDI Microbial Identification System (version 6.1) Instant FAME method and the RTSBA6 database. Respiratory quinones were extracted from freeze-dried cells and separated by HPLC with a reversed-phase Zorbax ODS column using acetonitrile/isopropanol (65 : 35, v/v) as the mobile phase at a flow rate 1.5 ml min À1 [31, 32] . Menaquione-4 and menaquione-7 (Sigma-Aldrich) were used as standards. The diagnostic diamino acid of the cell-wall peptidoglycan was analysed according to the method of Schumann [33] . Polar lipids were extracted, separated by TLC, and identified by spraying with molybdatophosphoric acid (for total lipids), phosphomolybdic acid (for phospholipids), ninhydrin (for aminolipids), and naphthol/sulfuric acid reagent (for glycolipids) [34] . The major cellular fatty acids were found to be anteiso-C 15 : 0 , C 16 : 0 , and C 14 : 0 . Although the abundance of anteiso-C 15 : 0 was determined to be similar among the examined strains, the high proportions (>10 %) of C 16 : 0 and C 14 : 0 in LPB0068 T distinguish it from the reference strains (Table 3 ). The major polar lipids of strain LPB0068
T were established as diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, one unidentified phospholipid, one unidentified glycolipid, and two unidentified polar lipids (Fig. S3) . The major respiratory quinone was identified as menaquinone-7, and meso-diaminopimelic acid was detected in the peptidoglycan (Fig. S4) , consistent with the characteristics of other Paenibacillus species.
The phylogenetic trees generated and measures of genomic relatedness employed implied that LPB0068
T represents a novel genomic species of the genus Paenibacillus. The genome structure and phenotypic properties of this strain, namely, its relatively small genome size, small number of genes, high levels of C 16 : 0 and C 14 : 0 , the activities of a number of enzymes, and physiological features, support its independence from its closest relatives. The polyphasic data obtained in this study strongly indicated that this isolate represents a novel species in the genus Paenibacillus, for which we propose the name Paenibacillus crassostreae sp. nov., with LPB0068 T being the type strain.
DESCRIPTION OF PAENIBACILLUS CRASSOSTREAE SP. NOV.
Paenibacillus crassostreae (crass.os¢tre.ae. N.L. gen. n. crassostreae pertaining to Crassostrea, the genus of the Pacific oyster, Crassostrea gigas, from which the type strain was isolated). Exhibits esterase (C4), esterase lipase (C8), naphthol-AS-BIphosphohydrolase, a-galactosidase, b-galactosidase, and bglucosidase activity, but not alkaline phosphatase, leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, N-acetyl-b-glucosaminidase, lipase (C14), cystine arylamidase, a-chymotrypsin, b-glucuronidase, a-glucosidase, a-mannosidase, or a-fucosidase activity. Contains anteiso-C 15 : 0 , C 14 : 0 , and C 16 : 0 as the major fatty acids, and menaquinone-7 as the major respiratory quinone. The major polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, one unidentified phospholipid, one unidentified glycolipid, and two unidentified polar lipids. The diagnostic diamino acid in the cell-wall peptidoglycan is meso-diaminopimelic acid. The type strain harbours a chromosome of 4.63 Mb and three circular plasmids.
The type strain is LPB0068 T (=KACC 18694 T =JCM 31183 T ), isolated from a Pacific oyster (Crassostrea gigas) caught off Yeongheungdo Island, Korea. The DNA G+C content is 40.0 mol%. The GenBank accession numbers for the 16S rRNA gene sequence and whole genome sequence of the 
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